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The invention described herein may be manu- 
factured and used by or for the Government of 
the United States for governmental purposes 
without the payment of any royalty thereon in 
accordance with the prov/stons of the act of 
March 3, 1883 (22 star. 625), as amended by the 
act of April 30, 1928 (45 Stat. 467, 35 U. S: C., 
1946 ed. sec. 45). 
Th/s invention relatès to the protection of high 
voltage lwer transmission lines. It ts concerned 
particu]arly with protective relay arrangements 
of the kind in which conditions at the two ends 
of a 1/ne are compared to determine the ex/stence 
of a fault Lu the line. Thts invention can be re- 
garded in some respects as a variety of pilot wtre 
relay system with the unusual feature of using a 
radio transmission system lnstead of a conven- 
tional pilot wire. Systems of th/s ktnd have, in 
the prior art, depended largely on electro-me- 
chantcal devices which have charactertstics that 
can be related in a statisttcal way to the char- 
acteristics of lwer transm/ssion lines under fault 
conditions. There are relaying systems in the 
prior art which use electrontc vacuum tubes in- 
stead of some of the electromechanical arrange- 
ments. My present invention also uses vacuûm 
tubes, but in a novel way. 
Pilot wire and other relay systems of the prior 
art use, among other devtces, phase secluence net- 
works whtch are capable of converting a poly- 
phase input tnto a stngle-phase output of mag- 
nttude and phase indicative of the de]arture from 
normally balanced polyphase operation. Net- 
works of this klnd are used in my ]resent inven- 
tion. 
The principal obJect of my present invention is 
to provlde a fast and accurate protective relay 
system comparlng current conditions at the ends 
of a line, and communtcattng between the ends 
of the line through a pilot connection channel. 
Another obJect is the production of a relay system 
whtch/s faster and more accurate than conven- 
ttonal relay systems. Other obJects are: to pro- 
vide a system in wh/ch relay operatton ts deflntte- 
ly restratned and olrated correctly in reference 
to line conditions; to provide Lu a relay system an 
arrangement of phased current circuits in whtch 
currents and voltages are compared wtth refer- 
ence to aplratus character/stics representattve 
of the characteristtcs of power transmission lines; 
to provlde ways of using avaflable electronic vac- 
uum tube characteristtcs as means for automatt- 
cally discrtminating between real and apparent 
fault conditions; and to provide vacuum tube ar- 
rangements for fault discrimination in wh/ch the 
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coraon of the tu characriscs can be 
adJd  fit the fat contlons of the le con- 
at cotltus my çresent invention  set 
5 loch, wlth reference  the comnylng draw- 
, tn the foDowt sccaon and succinctly 
defln tn e apnded clas. 
.  e drawg, e 1 ls a circuit diaam of 
a çreferred form of embodent of my invention, 
10 and ge 2  a graphtcal reçresentlon of the 
rformance of my lnvenon der scied con- 
ditions. 
 e 1, a conventlonal çolhase electrlc 
wer transmiton ne  rmng at substa- 
15 tion busoes  and   equlpçed wlth conventional 
sers of crent tmnsformers 4 and . The ual 
. ctrct breakers,  and 7, are çrovlded Current 
traformer se 4 and  are coecd, resc- 
ttvely,  çhase sequence networks  and S tn ways 
20 o In the çrtor art. Thts invention compas 
the two stngle-çhase outçut curren of networls 
 and S tn novel ways  be derlbed.. 
The output of network  ts devered through a 
traformer    a radio tramitter  which 
25 sends a stal  a radio recelver . Receiver 
3 dellvers  tnçut coil 4 of a tmformer   a 
stal tn phase th e output of network . 
The coucatlng chael, tn t tance con- 
slsttng of a ro tramltr and receiver could, 
30 under stable condition, court of sol conduc- 
r, transition e caier cuent, or any other 
aççltcable tnrcoectton. e outçut of net- 
work S  dever In « way analagons  that 
of network S  a coil J6 of a traformer 7. 
35 Traformers  and 7 are rconnoe by 
outçut coils  d  and by cot  and . 
The snt voltage of col  and S is - 
pressed on the grtd of a thermtonlc triode . 
Stmllarly the resulnt volge of coils  and  
40 ts çred on the grld of a triode 4. 
Under normal contio of line oçeration, the 
currents in a partlcular conducr of ne  are 
in çhase. e corresng voltages in trac- 
former coils  and S are çhased  be ad- 
45  tlve. The voltages tn cotls  and  are çhed 
 be subtracttve. If a fault curs outside line 
, e current eretn wtll ually tncrease.  
wlll cause the resultant voltage of coils 8 and 
S  lncrea. e resulnt voltage of coils 
50 { and  ts normally a small value. When a 
fault cs ouide line , any tncrease tn cur- 
rent tn e line, betng the saine at both ends, 
sttll leaves the resultant voltage at a small 
value. e rultant voltag of cot  and 
55 S and cot   and  dend un both rela- 
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3 
rive magnitudes and phase, but under normal 
conditions the resultant voltage of colla I$ and 
19 is comparatively large and the resultant volt- 
age of colla 2  and 22 lractically zero..This latter 
voltage remains lractically zero for faults out- 
side the protected line I. - 
When a fault occurs in line I, some current 
fIows to the fault from both ends, thus lroduc- 
ing components of current 1S0 electrical degrees 
out of phase between the two ends of the line. 
These out-oî-phase components, when they ap- 
pear in colla I$ and 19, add to the voltage of 
one coll and subtract îrom the other. The re- 
culant voltage of the two colla is thereby de- 
creased in comparison with that voltage whtch 
would exist without the lresence of out-of- 
phase components. The out-oî-lhase compo- 
nents, when they appear in colls 21 and 22 ln- 
crease the resultant voltage from the normal 
resultant of practically zero. These conditions 
presuppose lroportionality between he outlut 
oî phase sequence network $ and the output 
of radio receiver 
The combination of networks $ and 9, and coila 
21 and 22, in the normal condition of lracttcal- 
]y zero resultant voltage together with the de- 
parture under fault conditions of the resultant 
voltage from zero provides a reliable method of 
îault detection by comparing conditions ai the 
two ends oî line I. The additional combinatlon 
oî colla I| and 19 in which the resultant voltage 
decreases under îault conditions contributes ad- 
ditionally to reliability through dlfferential eî- 
fet between the two triodes 23 and 24. There 
are sóme fault conditions in which extreme un- 
balance of current magnttude at the two ends 
of the line will cause an lncrease in the resultant 
voltage oî colls I$ and 19 lnstead of a decrease 
as can be expected under ordinary fault condi- 
tions. If is desirable therefore to provide an 
adjustment of ratio between the outputs of tri- 
odes 23 and 24 to establish an optimum rela- 
tionship between their relative effects. 
potentiometer 21 connected between the cath- 
odes oî triodes 23 and 24 is grounded ai a tal 
26. Adjustment of the tap 26 changes the ratto 
of the cathode-to-ground resistances for the two 
triodes. hifting the tap 2| toward triode 
decreases he grid bias voltage on triode 23 rela- 
tive to that of triode 24. 
The output oî triode 23 is delivered to a trans- 
former 21 which delivers to a full wave rectifier 
$8 the alternating comportent oî the plate out- 
put of triode 23. Rectifier 25 lroduces a recti- 
 fied full-wave voltage in resistor 29. imllarly 
the output of triode 24 ls delivered to a trans- 
former 31 which, through a rectifier 32 produces 
a rectified fuil-wave voltage across a resistor 33. 
Resistors 29 and 33 are connected as shown 
through a bias battery $4 polarized to oppose the 
voltage in resistor 33 and to augment the voltage 
in resistor 29. The resultant voltages oî re- 
sistors 33 and 29 are used to control a gas-fllled 
tetrode $5. Tetrode 35 contains the unusual 
plate and cathode and two grids 3| and 31. Grid 
38 is subJected to the positive voltage of resistor 
33 through a stabilizing resistor 35. An lncrease 
of voltage on grid 3| tends to lonize and to tire 
tube 35. Grid $1 is subJected to the negative 
voltage of resistor 29, an lncrease in which tends 
to restrain tube 35 from. flring. The relative 
and absolute magnitude of the potentlala on grids 
3 and 31 beth influence the firing of tetrode 
Tetrode 35 controls a thyratron or other con- 
ventional relay circuit which in turn controls 

circuit breaker 1. As an illustration of a practi- 
cal arrangement, a thyratron 41 with conven- 
tional grid bias resistors 42 and 43 and a bias 
battery 44 la controlled by the output of tetrode. 
 35 which la imlressed on a llate.resistor 41 with 
which the nsual condensera 4| and 47 are pro- 
vided. The outlut of thyratron 41 la used to 
operate a relay 45 which may equally well be 
the triI coil of a circuit breaker. Relay 44 or 
10 trip coil 44, as the case may be, opens circuit 
breaker  by methods which, are conventional in 
the art. The combination of thyratron 4 and 
the associated elements 42 to 45, inclusive, is re- 
Ierred to, for convenience, as a "trllping cir- 
15 cuit." 
The usual llate power, B-t-, by-lass, condenser 
43 and other conventional parts are lrovided as 
usual. 
I bave shown elements of thls invention hum- 
20 bered from I rb 2|, inclusive, in a copending ap- 
plication, Serial Number 164,122, flled May 25, 
1950, for latent on a slmllar subJect matter and 
in a continuation therecf Ser. No. 15,84, flled 
July 25, 1950, beth of which are now abandoned. 
25 In that application there were also polarized uni- 
directional voltages which were referred to as oP- 
erating and restraining voltages. My present in- 
vention is related to the previous invention to 
that degree, but in the present invention the op- 
S0 erating and restraining voltages act concurrently 
on the double grid structure of tetrode 3. The 
use of tetrode 31 in the way lndicated graphically 
in Figure 2 la the principal feature of novelty in 
my present invention. 
$5 Figure 2 shows how a restraining voltage E 
provided by resistor 29 and lmpressed on grid 
31 co-acts with an operating voltage E tmpressed 
on grid 34 by reslstor 33 to tire tetrode 31 depend- 
lng beth on the magnitude of the respective volt- 
40 ages and on their ratios. For example, if the 
restraining voltage E is --4 volts, the tetrode wlll 
hot tire even if the operating voltage la as much 
as -[-6 volts, but if the restratning voltage la 
decreased to --2 volts, the tetrode will tire even 
45 when the operating voltage la as low as ÷I volt. 
The configuration of the operating character- 
lstic of tetrode 31 is selected in accordance with 
the relationshll of operating and restraining volt- 
ages characterlstic of practical fault conditions 
50 on the line I. It la desired .that tetrode 35 be 
restrained from flring for those conditions in 
which the operating and restraining voltages 
both decrease to small values. In particular if 
is desarable that if, through apparatus fallure, 
55 the voltages on resistors 29 and 33 decrease to 
zero, the tetrode wlll be effectively restrained. 
Thls is accompllshed by battery 34 whlch holds 
both grids 3| and 31 negative in the absence of 
signala from rectiflers 25 and 32. The charac- 
) teristics of phase sequence networks 3 and ! are 
such that for fauits outside line I the voltages 
E and E wlll lie  the left of the cross-hatehed 
region in Figure 2, and for îaults inside line I, 
in the hatehed area. 
 The configuration of the flring area in Figure 
2 la characteristic of one larticular tetrode which 
ls adaptable to a larticular transmission line 
characteristic. Under other conditions the most 
desirable tetrode characteristic might be different 
70 from that illustrated in Figure 2. Thls can be 
accompllshed by the selection of exlsting tetrodes 
or if necessary the design of tetrodes with the 
desired characteristics. The relationship of the 
hatched to the open area in Fig. 2 and the con- 
| flguration of the boundary between the two areas 
la referred to for convenience as the "tripping 
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characteristic" of the relay system in which 
tetrode 5 is used. This follows from the fact 
that circuit breaker  is trlpped and opened when 
tetrode 5 rires. 
I claire: 
1. In a protective relay system for a polyphase 
electric power transmiion line, the comblna- 
tion with means for derivlng at each end of said 
transmission line a single phase current respon- 
sive to phase conditions at said end, of means for 
deriving voltaes respectively proportional to the 
sure of and to the difference between sald single 
phase currents, triodes respectively controlled by 
said sum derived and dterence derived volt- 
tages, means for adjusting the ratio between the 
outputs of said triodes, a tetrode, means for seg- 
regating and rectifying the output of the triode 
controlled by the sum derlved voltage and for 
applying said rectifled comportent to negatively 
bias one grid of and hence restrain firing of the 
tetrode, means for segregating and rectifying the 
output of the triode controlled by the difference 
derived voltage and for applying the so rectifled 

15 

6 
component to positively bias another grid of and 
hence promote firing of the tetrode, and relay 
means controlled by said tetrode. 
2. A combination according fo claire I, further 
5 comprising means for applying a negative fixed 
bias fo both grids to the tetrode sufficient to 
prevent flring of the tetrode when the rectified 
component blases are both of low value. 
DONALD L WYLIE. 
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